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liquid feed to the atomizing surface extends axially 
through the atomizer. This arrangement enables im 
proved and simpli?ed coupling of the liquid supply tube 
to the atomizer. In a disclosed embodiment, rear and 
front horn sections sandwich a driver, and an atomizing 
section is coupled to the front horn section. A passage 
axially extends through the rear section, the driver, the 
front section and the atomizing section to an atomizing 
surface. The driver includes piezoelectric elements of 
annular con?guration. A tubular member or a liquid 
supply tube itself is received in the passage. In a pre 

ferred embodiment, the tubular member of the liquid 
supply tube includes a decoupling sleeve section and a 
stepped portion adapted to engage a stepped portion in 
the rear section upon coupling the tubular member or 
liquid supply tube to the atomizer to draw the front and 
rear sections together. 

109 Claims, 7 Drawing Figures 
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ULTRASONIC LIQUID ATOMIZER HAVING AN 
AXIALLY-EXTENDING LIQUID FEED PASSAGE 

This application is a continuation-in-part of applica 
tion Ser. No. 93,115 filed on Nov. 13, 1979, now aban 
cloned. 

BACKGROUND OF THE INVENTION 

This invention relates to ultrasonic transducer assem 
blies, particularly to ultrasonic liquid atomizers. 

Liquid atomizers such as the atomizer disclosed in 
US. Pat. No. 4,153,201 of H. L. Berger and C. R. Bran 
dow, which issued on May 8, 1979 and is assigned to the 
assignee of this application, include a radially extending 
passage in the atomizer section through which liquid is 
introduced into the atomizer. Typically however, the 
liquid supply tube and the atomizer are axially disposed 
with respect to each other, and in order to connect the 
atomizer to the liquid supply tube, a connecting tube 
and nipples, for example, are used to couple the radial 
ly-extending passage and the liquid supply tube. If prop 
erly installed, the connecting tube and nipples may 
provide a satisfactory connection of the atomizer to the 
liquid supply tube. However, the respective connec~ 
tions between the nipples, the connecting tube, the pas 
sage in the atomizer section and the liquid supply tube 
are prone to leaking. Additionally, making all the con 
nections and insuring that they are leak-proof are time 
consuming and burdensome. 
When used as a fuel atomizer in a home fuel burner, 

for example, an atomizer of the type described above 
can be supported by the blast tube. For example, the 
atomizer described in the above US. Pat. No. 4,153,201 
patent is bolted to the blast tube. An annular ?ange 
having spiders af?xed thereto is connected to the atom 

- izer and the bolts connect the ?ange to the blast tube as 
spaced by the spiders. While the atomizer is securely 
supported in this manner, several pieces of hardware are 
required and installation is time consuming. 

OBJECTS AND SUMMARY OF THE 
INVENTION 

It is an object of the present invention to provide an 
improved ultrasonic liquid atomizer. 

It is also an object of the present invention to improve 
liquid delivery to an ultrasonic liquid atomizer. 

It is another object of the present invention to im 
prove liquid delivery in an ultrasonic liquid atomizer to 
the atomizing surface. 

It is yet another object of the present invention to 
provide for improved coupling of a liquid supply tube 
to an ultrasonic liquid atomizer. 

It is a further object of the present invention to pro 
vide for improved mounting of an ultrasonic liquid 
atomizer. 

It is another object of the present invention to utilize 
the liquid supply tube to support an ultrasonic liquid 
atomizer. 

It is still another object of the present invention to 
provide improved apparatus for eliminating premature 
atomization of liquid in the liquid passage leading to the 
atomizing surface of an ultrasonic liquid atomizer. 

It is also an object of the present invention to provide 
improved driving means for an ultrasonic atomizer. 

It is a further object of the present invention to pro 
vide for improved mounting of the driving means in an 
ultrasonic atomizer. 
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2 
In accordance with the present invention, liquid to be 

atomized is introduced into the liquid atomizer axially 
and is supplied to the atomizing surface through an 
axially-extending passage. Thereby, the invention elimi 
nates the need to provide a radially-extending connec 
tion to the atomizer for the supply of liquid. Further in 
accordance with the invention, a reduced number of 
connections is required to couple the liquid supply tube 
to the atomizer, and a simpli?ed manner of making the 
connection and a simpli?ed atomizer construction re 
sult. 

Typically, the liquid supply tube and the atomizer are 
axially disposed with respect to each other. In such a 
case, in accordance with the invention, the liquid supply 
tube may be connected to the atomizer by a single con 
nection. 
According to one aspect of the invention, the passage 

comprises a tubular member which extends within at 
least part of the passage, and means are provided for 
receiving the tubular member. 

In accordance with another aspect of the invention, 
the tubular member is constituted by the liquid supply 
tube which extends into the axially-extending passage 
and supports the atomizer. 
The tubular member may include means for connect 

ing the tubular member to a means for supplying liquid, 
or the tubular member may, as mentioned, form part of 
a liquid supply tube. 
According to another aspect of the invention, means 

are provided which cooperate with the tubular member 
or the liquid supply tube for improved coupling of the 
tubular member of liquid supply tube to the atomizer 
and/or improved coupling of atomizer sections and the 
atomizer driving means. Such means enhance perfor 
mance of the atomizer. > 

Preferably, the tubular member (liquid supply tube) is 
threaded and a threaded section is provided in the atom 
izer to receive the threaded tubular member. The tubu 
lar member or liquid supply tube is thus preferably 
connected to the atomizer by a threaded joint. A means 
such as a sealing compound is applied to the threaded 
joint to prevent fuel from escaping to the driving means. 
In a preferred embodiment, the threads in the atomizer 
for receiving the tubular member commence at the start 
of the output section or a small distance within said 
output section and extend in the output section towards 
the atomizing surface. 

In a preferred embodiment, the tubular member 
forms part of the liquid supply tube which has a 
threaded section spaced from the end thereof and a 
decoupling sleeve connected at the end of the threaded 
section which extends to or adjacent to the atomizing 
surface. 
According to a preferred embodiment of the inven 

tion in which coupling of the tubular member or liquid 
supply tube to the atomizer and/ or coupling of atomizer 
front and rear sections and the atomized driving means 
is improved, the tubular member or liquid supply tube 
having a threaded end or a threaded section which is 
threadedly received in the atomizer front section in 
cludes means which cooperate with other means in or 
on the atomizer rear section adjacent the driving means, 
for drawing the rear and front sections together when 
the tubular member or liquid supply tube is threaded 
into the atomizer front section. This provides a symmet 
ric attachment of the tubular member or liquid supply 
tube in which the effective attachment plane of the 
tubular member or liquid supply tube is at or close to 



3 
the natural nodal plane of the actual attachment plane. 
Such means for drawing the sections together are dis 
closed to comprise an annular ?ange or step on the 
tubular member or liquid supply tube and a mating 
annular flange or step in the rear section, preferably 
adjacent to the driving means. Upon threading the tubu 
lar member or liquid supply tube to the atomizer front 
section, the annular ?anges engage and draw the rear 
section against the driving means towards the atomizer 
front section. 

In accordance with another aspect of the invention, a 
metal decoupling sleeve is provided to eliminate prema 
ture atomization of liquid in the liquid passage leading 
to the atomizing surface of an ultrasonic liquid atom 
izer. 

In accordance with still another aspect of the inven 
tion, a metal tube extends in the axial passage from one 
end of the ultrasonic atomizer to the atomizing surface, 
a part of the tube constituting the decoupling sleeve. 
Thus, the tubular member described above and the 
decoupling sleeve are formed by a one-piece metal tube. 
Preferably, the one-piece metal tube is constituted by 
the liquid supply tube and includes the annular ?ange 
for engaging the annular ?ange in the atomizer rear 
section. 

In accordance with yet another aspect of the inven 
tion, a transducer for atomizing liquids is provided 
which comprises an atomizing section having an atom 
izing surface, ultrasonic driving means disposed adja 
cent the atomizing section, the atomizing section and 
the driving means having a passage extending axially 
therethrough to the atomizing surface, and means for 
coupling the driving means and the atomizing section, 
to atomize liquid delivered to the atomizing surface 
through the axially-extending passage in response to 
electrical excitation of the driving means. The driving 
means may comprise one or more piezoelectric ele 
ments. 

In accordance with another aspect of the invention, 
the transducer is of the type disclosed in the US. Pat. 
No. 4,153,201 and includes a front ultrasonic horn sec 
tion, a rear ultrasonic horn section, a driving means 
having at least one piezoelectric disc sandwiched be 
tween the front and rear ultrasonic sections, means for 
clamping the front and rear ultrasonic horn sections 
against the driving element, and an output section ex 
tending from the front ultrasonic horn section and ter 
minating in an atomizing surface. A passage is provided 
which axially extends through the front and rear sec 
tions and the driving element to the atomizing surface, 
the passage axially extending from the end of the rear 
section, through the driving element and front section 
to the end of the front section. The transducer assembly 
may include a symmetrical double-dummy ultrasonic 
horn having a driving element sandwiched therein. 

In a preferred embodiment, the tubular member (liq 
uid supply tube) extends through the driving means 
with the end of the tubular member being disposed in or 
adjacent to the atomizing section or the output section. 
The driving means includes an electrode and one or 
more driving elements, all of which have an opening 
through which the tubular member extends. Means are 
provided for insulating the elctrode and the driving 
elements from the tubular member. Preferably, the end 
of the tubular member is threadedly received in or adja 
cent to the atomizing section or output section. 

In accordance with a further aspect of the invention, 
improved driving means are provided which comprise a 
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pair of annular piezoelectric elements sandwiching an 
annular electrode. The diameter of the electrode is re 
duced thereby providing clearance beyond the periph 
ery of the electrode for mounting fasteners such as rods 
or bolts which heretofore passed through the electrode. 
The bolts or rods extend between sections of the atom 
izer and couple the driving means in the atomizer. The 
clearance provided by the reduced diameter electrode 
eliminates the need to insulate the bolts from the elec 
trode. In a preferred embodiment, the diameter of the 
piezoelectric elements is less than the diameter of the 
electrode and a ring or sleeve of insulating material is 
disposed about the elements adjacent the electrode, the 
outside diameter of the ring being approximately equal 
to the outside diameter of the electrode. 
The annular piezoelectric elements are centered by 

means of the axial passage in accordance with another 
aspect of the invention, thereby eliminating the need to 
provide centering means such as circular recesses in the 
atomizer faces adjacent the elements. 
The tubular member, which may be the liquid supply 

tube, and the decoupling sleeve, which may also consti 
tute a part of the liquid supply tube may be made of 
mismatched acoustic materials with respect to the atom 
izer; however, the applicants have found that it is not 
necessary to use mismatched materials. For example, 
with an aluminum atomizer, aluminum accoustically 
mismatched materials such as copper, steel, etc., as well 
as aluminum may be used to fabricate the tubular mem 
ber or liquid supply tube and the decoupling sleeve. 
These and other aspects of the invention will be more 

apparent from the following description of the pre 
ferred embodiments when considered with the accom 
panying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention is illustrated by way of exam 
ple and not limitation in the ?gures in the accompany 
ing drawings in which like numerals indicate similar 
parts and in which: 
FIG. I is a side view partly in section of a portion of 

the blast tube of a conventional pressure-atomizing fuel 
burner; 
FIG. 2 is a side view partly in cross section and partly 

in schematic of an ultrasonic fuel burner constructed in 
accordance with US. Pat. No. 4,153,201; 
FIG. 3 is an axial section view of an atomizer for an 

ultrasonic fuel burner constructed in accordance with 
the present invention and in which the fuel tube is re 
ceived in the atomizer; 
FIG. 4 is an axial section view similar to that of FIG. 

3 in which the fuel tube includes a reduced diameter 
section which serves as a decoupling sleeve, the fuel 
tube being received in the atomizer. 
FIG. 5 is an axial section view of an atomizer similar 

to that of FIG. 3 in which one end of a tubular member 
is received in the atomizer and the other end is con 
nected to the fuel tube; 
FIG. 6 is an enlarged diagram, broken away, of the 

atomizer of FIGS. 3-5 illustrating the fuel passage ex 
tending through said atomizers and illustrating the di 
ameter of the passage at different locations in the atom 
izer; and 
FIG. 7 is an axial section view of an atomizer similar 

to that of FIG. 4 in which the tubular member includes 
an annular ?ange and the atomizer rear section also 
includes an annular ?ange which engage upon thread 
ing the tubular member to the atomizer. 
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DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Conventional pressure-type atomizing fuel burners 
include a blast tube to which fuel is delivered and from 
which the atomized fuel-air mixture is discharged. Such 
conventional burners have a concentric fuel line geome 
try, as illustrated in FIG. 1. For clarity, only the blast 
tube housing 10, the fuel tube 11 and the atomizing 
nozzle 12 are shown. Typically, the fuel line in a con 
ventional home burner includes a g inch diameter steel 
fuel tube 11 which enters the blast tube housing 10 at the 
rear and extends along the central axis of the blast tube 
housing terminating with the pressure nozzle 12 at or 
adjacent to a swirl plate 13 at the front of the blast tube 
housing. 

In ultrasonic fuel burners such as the fuel burner 15 
illustrated in FIG. 2, which may be of the type de 
scribed in US. Pat. No. 4,153,201, the disclosure of 
which is incorporated by reference, fuel oil is intro 
duced into the atomizing section 16 of atomizer 17 
through a radially-extending passage 18. The radially 
extending passage 18 communicates with an axially 
extending passage 20 which terminates in the atomizing 
surface 22. In order to connect the atomizer 17 to an 
existing fuel tube such as 11 of FIG. 1 or a similar fuel 
tube 11A of FIG. 2, a connecting hose 24 and fuel nip 
ples 26, 28 can be utilized. To make the connection, the 
fuel tube 11A in FIG. 2 is blocked at its leading end 30 
with a plate or cap 32, or other suitable means. The 
plate or cap 32 may be secured by a threaded connec 
tion or by means of an adhesive. A hole is drilled in the 
tube 11A adjacent end 30 and the nipple 26 is installed. 
The nipple 28 is installed in the radially extending pas 
sage 18. The connecting tube 24, which may be a ?exi 
ble plastic hose, is connected to the two nipples to com 
plete connection of the fuel line to the atomizer. The 
nipples are typically connected to the atomizer and the 
fuel tube by means of threaded connections, and the 
hose 24 is force fitted over the nipples. The hose may be 
clamped over the nipples, if desired. 
The ultrasonic atomizer 17 is itself bolted to the front 

end 34 of the blast tube by means of an annular mount 
ing plate 36 having spiders 37 incorporated therein to 
space the plate 34 and atomizer from the front 34 of the 
blast tube. The blast tube housing 10A in turn is typi 
cally secured to the fuel burner in a conventional man 
ner. 

The manner of connecting the fuel tube 11A to the 
ultrasonic atomizer 17 as shown in FIG. 2 has several 
drawbacks. For example, each connection between the 
fuel tube 11A and the radially extending passage 18 is 
susceptible to leaking. Thus, the nipple 26/fuel tube 
11A connection, the hose 24/nipple 26 connection, the _ 
hose 24/nipple 28 connection, and the nipple 28/radial 
passage 18 connection are all potential sources of leaks. 
Moreover, the ultrasonic atomizer must be secured to 
the blast tube housing which requires mounting hard 
ware such as the annular plate, the spiders and the bolts. 
The burner shown in FIG. 2 includes generally solid 

driving elements 40, 42 sandwiched between front and 
rear horn sections 44 and 46 as described in US. Pat. 
No. 4,153,201. Interposed between the driving elements 
40, 42 is an electrode 48. The driving elements 40, 42 
and the electrode 48 are of disc configuration and the 
sections 44. 46, the driving elements 40, 42 and the 
electrode 48 areaheld together by bolts extending 
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6 
through the driving elements and the electrodes, means 
being provided to insulate the bolts from the electrode. 

In accordance with the present invention, the fuel 
tube itself (FIGS. 3, 4 and 7) or a tube connected to the 
fuel tube (FIG. 5) is axially received in the atomizer and 
extends axially through the rear section, the driving 
elements and the electrode to the front section. 

In FIGS. 3-5 and 7, the rear section 50 is provided 
with an axially-extending bore or passage 52. The driv 
ing elements 54, 56 and the electrode 55 are of annular 
configuration, i.e., they are washer-like having a central 
opening or passage therethrough. Piezoelectric annular 
driving elements are available from Venitron Corpora 
tion of Cleveland, Ohio. The forward section 58 is pro 
vided with an axially extending, threaded bore or pas 
sage 60 which communicates with the axially extending 
passage 20A to the atomizing surface 22A in the atomiz 
in g section 16A. The axial passages in the rear, front and 
atomizer sections and the openings in the driving ele 
ments and the electrode are axially disposed to form a 
fuel passage referenced generally by 62 and extending 
axially from the exterior of the rear section to the atom 
izing surface. The relative diameters of the individual 
passages and openings which form the overall, axially 
extending passage 62 for FIGS. 3-5 illustrated in FIG. 
6 

In the atomizers of FIGS. 3-5, the rear section 50 
includes a central bore 52 of diameter a; the central 
openings 64, 66 of the driving elements are of diameter 
b adjacent the ends 56A, 54A of the driving elements, 
and of diameter a therebetween; the central opening 65 
in the electrode 55 is of diameter b; and the front section 
includes a threaded bore 60 of diameter 0 located adja 
cent to the driving elements and which is in communi 
cation with the central bore 20A of diameter d, in atom 
izer section 16A. The threaded section 60 receives the 
threaded end 68 of a connecting tube 70 (FIG. 5), or the 
end 69 of the fuel tube itself (FIGS. 3 and 4). The fuel 
tube 11B (FIG. 3) or the connecting tube 70 (FIG. 5) 
extends through the passage 52 in the rear section 50, 
through the openings 64-66 in the driving elements and 
electrode, and into the forward section 58. The end 68 
of the tube 70 or the fuel tube end 69 is threadedly 
connected in the threaded section 60 and a sealing or 
joint compound is applied to the joint to insure that 
there is no leakage. 

Referring to FIG. 3, the fuel tube 11B has a threaded 
end 69 which is received in the threaded section 60 in 
the front section 58. A decoupling sleeve 71 of Teflon 
or, according to the invention and as illustrated in FIG. 
3, of other suitable material such as aluminum, steel, 
copper, etc., is disposed in bore 20A and extends to just 
short of the opening in surface 22A. The decoupling 
sleeve 71 includes a threaded end section 72 which is 
threaded onto the threaded section 60 in the atomizer 
forward section 58. 

Referring to FIG. 4, the fuel tube 11C includes a 
reduced diameter section 73 extending from the 
threaded section 69A. The reduced diameter section 73 
is the decoupling sleeve and is made of the same mate 
rial as the fuel tube 11C. Providing the decoupling 
sleeve as part of the fuel tube 11C yields a leak-proof 
passage throughout the atomizer. When used in place of 
a Teflon decoupling sleeve, the metal fuel tube decou 
pling sleeve eliminates the use of a plastic part in the 
vicinity of potentially high temperatures. Production is 
also simpli?ed by the use ofa single piece. The diameter 
of the decoupling sleeve portion of the tube is such that 
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it makes light contact with the fuel passage 20A incor 
porated in the front section 58. This avoids a force ?t 
which may otherwise cause deleterious pressures to be 
exerted resulting in performance degradation and also 
avoids the possibility of acoustic coupling between the 
tube and the front section which may result from a tight 
?t. 
As shown in FIG. 5, a tubular member 70 may be 

threaded in the atomizer and the end 74 of the tubular 
member is secured to the fuel tube 11A. For example, 
the tubular member 70 is connected to the fuel tube 11A 
by a bushing or union coupling 76. The atomizer in 
FIG. 5 utilizes a conventional Teflon decoupling sleeve 
77. 

Referring now to FIG. 7, an atomizer similar to the 
one of FIG. 4 is illustrated in which the fuel tube 11D is 
provided with an annular ?ange or step 90 spaced from 
the threaded portion 69, and the rear section 50A is also 
provided with an annular ?ange or step 92 disposed 
adjacent to the driving means. Flanges 90 and 92 engage 
upon threading the fuel tube 11D onto threaded section 
60 with the rear and forward sections 58 and 50A being 
drawn together sandwiching the driving means. The 
diameter of the bore 52A in the rear section 50A adja 
cent the ?ange 92 is “e” and the diameter of the bore at 
the ?anges is “a”. This arrangement causes the attach 
ment forces to be approximately equal on the front and 
rear sections of the atomizer. It is believed that the 
effective attachment plane of the fuel tube in the atom 
izer lies midway between the front and rear sections, or 
approximately at the nodal plane. An advantage of this 
arrangement is that the fuel tube provides a means of 
securing both sections of the atomizer prior to applying 
torque to bolts 82. Another advantage of this arrange 
ment is a reduction in vibration on the fuel tube extend 
ing beyond the rear section, there being little or no 
vibration on the fuel extending beyond the rear section. 
A further advantage of this arrangement is to reduce the 
sensitivity of atomizer performance to the fuel tube 
length, degree of tightening of a fuel tube or tubular 
member not having means engaging both the front and 
rear atomizer sections, and the manner of coupling of a 
tubular member to an external fuel tube. Such factors 
may otherwise change the reasonant frequency of the 
fuel tube and the atomizer and may result in an increase 
in atomizer impedance and a reduced value of Q. This 
may manifest itself as an effective shortening of the 
atomizer. 
The applicants have found that while accoustically 

mismatched materials can be used for the fuel tube or 
tubular member and the decoupling sleeve (e.g. copper, 
steel, etc., fuel tube, tubular member or sleeve for alumi 
num atomizer sections), such is not necessary. Accord 
ingly, an aluminum fuel tube and decoupling sleeve may 
be utilized with aluminum rear and front atomizing 
sections. 
The center electrode is electrically isolated from the 

fuel tube 11B, 11C, 11D or the connecting tube 70 by 
means of a nylon or other electrical insulating medium 
tube 78 which is disposed about the fuel or connecting 
tube at a point which lies within the electrode opening 
65. The insulator also extends in the openings 64, 66 of 
the driving elements and shields the fuel or connecting 
tube from the inner surfaces, which may have received 
some plating, of the driving elements adjacent to the 
electrode. The nylon or other electrical insulating me 
dium tube 78 extends in the sections of reduced diame 
ter “a” between the sections of increased diameter “b” 
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(FIG. 6). Rubber or other composition rings or gaskets 
80 are disposed about the outer periphery of the driving 
elements 54, 56 adjacent the periphery of the electrode 
55. The driving elements 54, 56 and the electrode 55 are 
of reduced outer diameter, thereby providing clearance 
for bolts 82 which couple the driving elements in the 
atomizer with the front section 58 and the rear section 
50. As a result, the need to provide holes through the 
electrode and driving elements and to insulate the bolts 
from the electrode are obviated. 

Annular recesses in the inner faces of the front and 
rear sections are eliminated. These recesses were used 
to center the piezoelectric crystal discs. However, cen 
tering according to the invention is provided by the 
axial openings in the piezoelectric crystals and the elec 
trode. 
The applicants have found that no degradation in 

performance results from the axial openings in the pi 
ezoelectric crystals, one reason being that the entire 
atomizer has a central axial void. 
Thus as shown in FIGS. 3-7, fuel is delivered to the 

atomizing surface axially in the atomizer. 
Providing an axial passage in the atomizer, as shown 

in FIGS. 3-7, permits the fuel tube to support the atom 
izer, directly as in FIGS. 3, 4 and 7, or indirectly 
through the tubular member 70 as in FIG. 5. This elimi 
nates the need for the mounting hardware shown in 
FIG. 2 and the corresponding installation time. 
A tube such as tube 70 or the fuel tube 11B, 11C, 11D 

may be connected to the atomizer in ways other than 
described above in connection with FIGS. 3-7. For 
example, adhesives may be used to secure the tube, and 
the tube may be connected at different locations in the 
atomizer. Additionally the atomizer can be supplied 
with a tube such as tube 70 permanently secured in the 
atomizer. 
The fuel burner of FIGS. 3-7 may otherwise operate 

as described in US. Pat. No. 4,153,201. 
It should be obvious to those skilled in the art that 

while this invention has been illustrated for use in a fuel 
burner, more speci?cally a fuel burner for heating, it 
may be used elsewhere to great advantage. The inven 
tion may also be used for feeding fuel into internal com 
bustion or jet engines and for atomization of liquids 
other than fuel, such as water and paint. 

While the invention has been particularly shown and 
described with reference to the preferred embodiments 
thereof, it will be understood by those skilled in the art 
that various changes in form and detail and omission 
may be made without departing from the spirit and 
scope of the invention. For example, the fuel tube may 
be communicated with the atomizing nozzle axially in 
the atomizer by speci?c arrangements other than those 
illustrated and described in the application. 
What is claimed is: 
1. In an ultrasonic transducer assembly for atomizing 

a liquid including a front ultrasonic horn section, a rear 
ultrasonic horn section, a driving means having at least 
on piezoelectric element and an electrode sandwiched 
between the front and rear sections, means for clamping 
the front and rear sections against the driving means, 
and an output section extending from the front section 
and terminating in an atomizing surface, wherein the 
improvement comprises a liquid passage axially extend 
ing through the front and rear sections and the driving 
means to the atomizing surface, the diameter of the 
driving means being less than the diameter of the front 
and rear sections adjacent the driving means, the means 
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for clamping the front and rear sections comprising a 
plurality of fasteners connecting the front and rear sec 
tions and extending therebetween beyond the diameter 
of the driving means, and a tubular sleeve extending 
about each of the piezoelectric elements. 

2. In an ultrasonic transducer assembly for atomizing 
a liquid including a front ultrasonic horn section, a rear 
ultrasonic horn section, a driving means having at least 
one piezoelectric element and an electrode sandwiched 
between the front and rear ultrasonic horn sections, 
means for clamping the front and rear ultrasonic horn 
sections against the driving means, and an output sec 
tion extending from the front ultrasonic horn section 
and terminating in an atomizing surface, wherein the 
improvement comprises a driving element of a diameter 
less than the diameter of the front and rear sections 
adjacent the driving means, and wherein the means for 
clamping comprises a plurality of fasteners connecting 
the front and rear sections and extending therebetween 
beyond the diameter of the driving means, the driving 
means comprising two said piezoelectric elements 
which are of annular con?guration, each including an 
opening therethrough which forms part of the axially 
extending passage, the electrode having an opening 
therethrough which forms part of the axially extending 
passage and being interposed between the piezoelectric 
elements, and a tubular sleeve disposed extending about 
each of the piezoelectric elements. 

3. The improvement according to claim 2, wherein 
the sleeves are of rubbery material. 

4. The improvement according to claim 2, wherein 
the diameter of the piezoelectric elements is less than 
the diameter of the electrode and the outside diameter 
of the tubular sleeves is approximately equal to the 
diameter of the electrode. 

5. The improvement according to claim 2, and includ 
ing a liquid passage axially extending through the front 
and rear sections and the driving means to the atomizing 
surface. 

6. In an ultrasonic transducer assembly for atomizing 
a liquid including a front ultrasonic horn section, a rear 
ultrasonic horn section, a driving means having at least 
one piezoelectric element and an electrode sandwiched 
vbetween the front and rear sections, means for clamping 
the front and rear sections against the driving means, 
and an output section extending from the front section 
and terminating in an atomizing surface, wherein the 
improvement comprises a liquid passage axially extend 
ing through the front and rear sections and the driving 
means to the atomizing surface, the output and the front 
and rear sections being of metal material, the ultrasonic 
transducer including a metal decoupling sleeve extend 
ing in the axially-extending passage within the output 
section to or adjacent to the atomizing surface, and the 
decoupling sleeve including a threaded end section and 
the front section including a threaded section, the de 
coupling sleeve being threadedly received in the front 
section. 

7. The improvement according to claim 6, wherein 
the axially-extending passage is adapted to receive a 
tubular member therein through which liquid is intro 
duced into the passage. 

‘8. The improvement according to claim 7, wherein 
the tubular member includes a threaded end section 
adjacent the decoupling sleeve which is threadedly 
received in the threaded section in the front section. 

9. The improvement according to claim 8, wherein 
the decoupling sleeve and the tubular member consti 
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10 
tute a single piece having threads which are threaded 
onto the threads of the front section. 

10. The improvement according to claim 8 or 9, 
wherein means are provided associated with the rear 
section and the tubular member for drawing the rear 
and front sections together upon threading the tubular 
member to the front section. 

11. The improvement according to claim 10, wherein 
said means for drawing comprise mating annular flange 
portions on the tubular member and in the axially 
extending passage in the rear section. 

12. The improvement according to claim 6 or 8, 
wherein the threaded section in the front section is 
disposed at or adjacent to a nodal plane. 

13. The improvement according to claim 6, and in 
cluding a tubular member disposed at least in part in the 
axially-extending passage for introducing liquid into the 
transducer for delivery to the decoupling sleeve. 

14. A transducer for atomizing liquids comprising an 
atomizing section having an atomizing surface, driving 
means disposed adjacent the atomizing section, the at 
omizing section and the driving means having a passage 
axially extending therethrough to the atomizing surface, 
a decoupling sleeve extending in the axially-extending 
passage within the atomizing section to or adjacent to 
the atomizing surface, the decoupling sleeve including a 
threaded end section and the atomizing section includ 
ing a threaded section, the decoupling sleeve being 
threadedly received in the atomizing section, and means 
for coupling the driving means and the atomizing sec 
tion to atomize liquid delivered to the atomizing surface 
through the axially-extending passage and decoupling 
sleeve in response to electrical excitation of the driving 
means. 

15. The transducer according to claim 14, wherein 
the decoupling sleeve is metal. 

16. The transducer according to claim 14, wherein 
the axially-extending passage is adapted to receive a 
tubular member therein through which liquid is intro 
duced into the transducer. 

17. The transducer according to claim 14 and includ 
ing a tubular member disposed in the axially-extending 
passage for introducing liquid into the transducer for 
delivery to the decoupling sleeve. 

18. The transducer according to claim 16 or 17, 
wherein means are provided in or adjacent to the atom 
izing section for securing the tubular member to the 
atomizing section. 

19. The transducer according to claim 18, wherein 
the securing means is disposed at or adjacent to a nodal 
plane. 

20. The transducer according to claim 18, wherein 
the securing means and the tubular member include 
threads, the threaded securing means threadedly receiv 
ing the tubular member. 

21. The transducer according to claim 18, wherein 
the decoupling sleeve and the tubular member consti 
tute a single piece having threads which are threaded 
onto the threads of the securing means. 

22. The transducer according to claim 14, wherein 
the atomizing section and the decoupling sleeve are of 
metal material. 

23. In an ultrasonic fuel atomizer including driving 
means and an output section having an atomizing sur 
face, the improvement comprising a fuel passage axially 
extending in the atomizer from one end thereof through 
the driving means to the atomizing surface and a fuel 
tube through which fuel is adapted to be supplied to the 
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atomizer, the fuel tube extending in said passage and 
including a decoupling sleeve section extending within 
the output section to or adjacent to the atomizing sur 
face, the fuel tube and decoupling sleeve section consti 
tuting a single piece, and means provided in or adjacent 
to the output section for securing the single piece to the 
output section. 

24. The improvement according to claim 23, wherein 
selected sections of th atomizer including the output 
section are of metal and the single piece fuel tube and 
decoupling sleeve is of metal. 

25. The improvement according to claim 24, wherein 
the selected sections including the output sections are of 
aluminum. 

26. The improvement according to claim 25, wherein 
the single piece fuel tube and decoupling sleeve is of 
aluminum. 

27. The improvement according to claim 23 or 24, 
wherein the single piece comprises a sole support for 
mounting the atomizer. 

28. The improvement according to claim 23, wherein 
the securing means includes threads in the axially 
extending passage in the output section and the single 
piece includes threads, the threaded securing means 
threadedly receiving the single piece. 

29. The improvement according to claim 28, wherein 
the atomizer includes a rear section disposed adjacent to 
the driving means which with the output section sand 
wiches the driving means, the securing means being 
disposed in the output section, and including an annular 
flange portion on the single piece and a mating annular 
?ange section in the axially-extending passage and the 
rear section, the flange sections engaging and drawing 
the rear and output sections together upon threading 
the single piece onto the securing means. 

30. The improvement according to claim 23 or 28, 
wherein the securing means is disposed at or adjacent to 
a nodal plane. 

31. The improvement according to claim 23 wherein 
the fuel tube includes means for connecting it to a fuel 
supply means. 

32. In an ultrasonic fuel atomizer including an atomiz 
ing section having an atomizing surface, driving means 
disposed adjacent to the atomizing section and means 
for coupling the driving means to the atomizing section, 
the improvement comprising a fuel passage axially ex 
tending in the atomizer from one end thereof through 
the driving means to the atomizing surface, a decou 
pling sleeve in the axially-extending passage in the at 
omizing section with one end thereof extending substan 
tially to the atomizing surface, the axially-extending 
passage being adapted to receive a tubular member 
through which liquid can be introduced into the trans 
ducer and delivered through the decoupling sleeve to 
the atomizing surface, and means provided in or adja 
cent to the atomizing section adapted to secure the 
tubular member to the atomizing section with one end 
of the tubular member adjacent to the other end of the 
decoupling sleeve, the securing means being spaced 
radially inwardly of the coupling means. 

33. In an ultrasonic fuel atomizer including an atomiz 
ing section having an atomizing surface, driving means 
disposed adjacent to the atomizing section, a rear sec 
tion disposed adjacent to the driving means which with 
the atomizing section sandwiches the driving means, 
and means for coupling the driving means to the atomiz 
ing section, the improvement comprising a fuel passage 
axially extending in the atomizer from one end thereof 
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through the driving means and the rear means to the 
atomizing surface, a tubular member having a threaded 
portion disposed in the axially-extending passage 
through which liquid can be introduced into the trans 
ducer and delivered to the atomizing surface, means 
provided in or adjacent to the atomizing section for 
securing the tubular member to the atomizing section 
comprising threads in the axially-extending passage 
which receive the threaded portion of the tubular mem 
ber, the securing means being spaced radially inwardly 
of the coupling means, and means associated with the 
rear section and the tubular member for drawing the 
rear and the atomizer sections together upon threading 
the tubular member to the atomizing section. 

34. The improvement according to claim 32 and in 
cluding the tubular member which is secured to the 
atomizing section. 

35. The improvement according to claim 33 or 34, 
wherein the tubular member comprises a part of a fuel 
tube through which fuel is adapted to be supplied to the 
atomizer. 

36. The improvement according to claim 33 and in 
cluding a decoupling sleeve extending in the output 
section of the atomizer to or adjacent to the atomizing 
surface. 

37. The improvement according to claim 32 or 36, 
wherein the decoupling sleeve is secured to the atomiz 
ing section by the securing means. 

38. The improvement according to claim 36, wherein 
the decoupling sleeve includes a threaded section re 
ceived in the threaded section in the axially-extending 
passage in the atomizing section. 

39. The improvement according to claim 34 or 36, 
wherein the decoupling sleeve and the tubular member 
constitute a single metal piece. 

40. The improvement according to claim 36, wherein 
the decoupling sleeve and the tubular member consti 
tute a single piece and the threads of the tubular mem 
ber are located on the tubular member adjacent to the 
decoupling sleeve. 

41. The improvement according to claim 33 or 34, 
wherein the tubular means comprises a sole support for 
mounting the atomizer. 

42. The improvement according to claim 34, wherein 
the transducer includes a rear section disposed adjacent 
to the driving means which with the atomizing section 
sandwiches the driving means, the axially-extending 
passage extending through the rear section, and means 
associated with the rear section and the single piece for 
drawing the rear and atomizing sections together upon 
securing the tubular member to the atomizing section. 

43. The improvement according to claim 32 and in 
cluding the tubular member which is secured to the 
atomizing section, wherein the tubular member includes 
threads and the securing means includes a threaded 
section in the axially-extending passage in the atomizing 
section, the threads of the tubular member being re 
ceived by the threaded section of the securing means. 

44. The improvement according to claim 32 or 33 
wherein the securing means is disposed at or adjacent to 
a nodal plane. 

45. The improvement according to claim 33, wherein 
the means for drawing comprise flanged portions on the 
tubular member and the rear section adapted to engage 
each other to draw the front and rear sections together 
upon threading the tubular member to the front section. 
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46. The improvement according to claim 45 wherein 
the securing means is disposed at or adjacent to a nodal 
plane. 

47. In an ultrasonic transducer assembly for atomiz 
ing a liquid including a front ultrasonic horn section, a 
rear ultrasonic horn section, driving means having at 
least one piezoelectric element and an electrode sand 
wiched between the front and rear sections, means 
spaced radially outwardly of the axis of the transducer 
for clamping the front and rear sections against the 
driving means, and an output section extending from 
the front section and terminating in an atomizing sur 
face, wherein the improvement comprises a liquid pas 
sage axially extending through the front and rear sec 
tions and the driving means to the atomizing surface, a 
decoupling sleeve in the axially-extending passage in 
the front section with one end thereof extending sub 
stantially to the atomizing surface, the axially-extending 
passage being adapted to receive a tubular member 
through which liquid can be introduced into the trans 
ducer and delivered through the decoupling sleeve to 
the atomizing surface, and means provided in or adja 
cent to the front section adapted to secure the tubular 
member to the front section with one end of the tubular 
member adjacent to the other end of the decoupling 
sleeve. 

48. In an ultrasonic transducer assembly for atomiz 
ing a liquid including a front ultrasonic horn section, a 
rear ultrasonic horn section, driving means having at 
least one piezoelectric element and an electrode sand 
wiched between the front and rear sections, means 
spaced radially outwardly of the axis of the transducer 
for clamping the front and rear sections against the 
driving means, and an output section extending from 
the front section and terminating in an atomizing sur 
face, wherein the improvement comprises a liquid pas 
sage axially extending through the front and rear sec 
tions and the driving means to the atomizing surface, a 
tubular member having a threaded portion disposed in 
the axially-extending passage through which liquid can 
be introduced into the transducer and delivered to the 
atomizing surface, means provided in or adjacent to the 
front section for securing the tubular member to the 
front section comprising threads in the axially extending 
passage which receive the threaded portion of the tubu 
lar member, and means associated with the rear section 
and the tubular member for drawing the rear and the 
front sections together upon threading the tubular mem 
ber to the front section. 

49, The improvement according to claim 47 or 48, 
wherein the at least one piezoelectric element is of an 
nular con?guration including an opening therein which 
forms part of the axially-extending passage. 

50. The improvement according to claim 49, wherein 
the driving means comprises two said piezoelectric 
elements, the electrode having an opening therethrough 
which forms part of the axially-extending passage and 
being interposed between the piezoelectric elements. 

51. The improvement according to claim 50, wherein 
the diameter of the driving means is less than the diame 
ter of the front and rear sections adjacent the driving 
means. and the means for clamping the front and rear 
sections comprises a plurality of fasteners connecting 
the front and rear sections and extending therebetween 
beyond the diameter of the driving means. 

52. The improvement according to claim 51. and 
including a tubular sleeve extending about each of the 
piezoelectric elements. 
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53. The improvement according to claim 52, wherein 

the sleeves are of rubbery material. I 

54. The improvement according to claim 53, wherein 
the diameter of the piezoelectric elements is less than 
the diameter of the electrode and the outside diameter 
of the tubular sleeves is approximately equal to the 
diameter of the electrode. 

55. The improvement according to claim 47, and 
including the tubular member which is secured to the 
front section. 

56. The improvement according to claim 48 or 55, 
wherein the tubular member comprises a part of a liquid 
supply tube. 

57. The improvement according to claim 48, and 
including a decoupling sleeve extending in the front 
section substantially from the atomizing surface to the 
threads in the axially-extending passage which receive 
the threaded portion of the tubular member. 

58. The improvement according to claim 47 or 57, 
and including further means for securing the decoupling 
sleeve in the front section. 

59. The improvement according to claim 55 or 57, 
wherein the decoupling sleeve and the tubular member 
constitute a single piece. 

60. The improvement according to claim 59, wherein 
the decoupling sleeve and the tubular member are 
metal. 

61. The improvement according to claim 59, wherein 
the single piece decoupling sleeve and the tubular mem 
ber comprise part of a liquid supply tube. 

62. The improvement according to claim 47 or 57, 
wherein the decoupling sleeve is metal. 

63. The improvement according to claim 57, wherein 
the means for drawing comprise mating annular ?ange 
portions on the tubular member and in the rear section, 
the decoupling sleeve and tubular member constituting 
a single piece. t 

64. The improvement according to claim 63, wherein 
the securing means is disposed at or adjacent to a nodal 
plane. 

65. The improvement according to claim 57, wherein 
the decoupling sleeve includes a threaded end section 
threadedly received in the threaded section of the axial 
ly-extending passage. 

66. The improvement according to claim 65, wherein 
the output, front and rear sections, and the decoupling 
sleeve are of aluminum. 

67. The improvement according to claim 48 or 55, 
wherein the tubular member includes an externally 
threaded section and the securing means comprises an 
internally threaded section in the axially-extending pas 
sage in the front section, the externally-threaded tubular 
member section being threadedly received in the inter 
nally-threaded section. 

68. The improvement according to claim 48 or 55 and 
including means for insulating the electrode from the 
tubular member. 

69. The improvement according to claim 48 or 55, 
wherein the tubular member comprises a sole support 
for mounting the transducer. 

70. The improvement according to claim 48 or 55, 
wherein the tubular member extends exteriorly of the 
transducer and is adapted to be connected to a means 
for supplying liquid to the axially-extending passage. 

71. The improvement according to claim 70, wherein 
the tubular member includes means adjacent to the 
transducer for connecting the tubular member to the 
means for supplying liquid. 



4,352,459 
72. The improvement according to claim 47 or 48, 

wherein the securing means is disposed at or adjacent to 
a nodal plane. 

73. The improvement according to claim 47 or 57, 
wherein the output and the front and rear sections, and 
the decoupling sleeve are of metal material. 

74. The improvement according to claim 57, wherein 
the decoupling sleeve and the tubular member consti 
tute a single piece and the threaded portion of the tubu 
lar member is located adjacent to the decoupling sleeve. 

75. The improvement according to claim 47 or 48, 
wherein the rear and front ultrasonic horn sections form 
a symmetrical double-dummy ultrasonic horn. 

76. The improvement according to claim 48, wherein 
the means for drawing comprise mating annular ?ange 
portions on the tubualr member and in the rearsection. 

77. The improvement according to claim 76, wherein 
the securing means is disposed at or adjacent to a nodal 
plane. 

78. A transducer for atomizing liquids comprising an 
atomizing section having an atomizing surface, driving 
means disposed adjacent to the atomizing section, the 
atomizing section and the driving means having a pas 
sage axially extending therethrough to the atomizing 
surface, a decoupling sleeve in the axially-extending 
passage in the atomizing section with one end thereof 
extending substantially to the atomizing surface, the 
axially~extending passage being adapted to receive a 
tubular member through which liquid can be intro 
duced into the transducer and delivered through the 
decoupling sleeve to the atomizing surface, means pro 
vided in or adjacent to the atomizing section adapted to 
secure the tubular member to the atomizing section 
with one end of the tubular member adjacent to the 
other end of the decoupling sleeve, and means cooperat 
ing with the atomizing section spaced radially out 
wardly from the axially-extending passage for coupling 
the driving means and the atomizing section to atomize 
liquid delivered to the atomizing surface through the 
tubular member and the decoupling sleeve in response 
to electrical excitation of the driving means. 

79. A transducer for atomizing liquids comprising an 
atomizing section having an atomizing surface, driving 
means disposed adjacent to the atomizing section, a rear 
section disposed adjacent to the driving means which 
with the atomizing section sandwiches the driving 
means, the atomizing section, the driving means and the 
rear section having a passage axially extending there 
through to the atomizing surface, a tubular member 
having a threaded portion disposed in the axially 
extending passage through which liquid can be intro 
duced into the transducer and delivered to the atomiz 
ing surface, means provided in or adjacent to the atom~ 
izing section for securing the tubular member to the 
atomizing section comprising threads in the axially 
extending passage which receive the threaded portion 
of the tubular member, means associated with the rear 
section and the tubular member for drawing the rear 
and the atomizer sections together upon threading the 
tubular member to the atomizing section, and means for 
coupling the driving means and the atomizing section to 
atomize liquid delivered to the atomizing surface 
through the tubular member in response to electrical 
excitation of the driving means. 

80. The transducer according to claim 78 or 79, 
wherein the driving means comprises at least one piezo 
electric driving element having an axially-extending 
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opening therethrough which forms part of the axially 
extending passage. 

81. The transducer according to claim 80, wherein 
the driving means comprises two said piezoelectric 
driving elements, and an electrode having an opening 
therethrough which forms part of the axially-extending 
passage, the electrode being interposed between the 
piezoelectric driving elements. 

82. The transducer according to claim 78 and includ 
ing the tubular member which is secured to the atomiz 
ing section. 

83. The transducer according to claim 79 or 82, 
wherein the tubular member comprises a part of a liquid 
supply tube. 

84. The transducer according to claim 79 and includ 
ing a decoupling sleeve extending in the atomizing sec 
tion substantially from the atomizing surface to the 
threads in the axially-extending passage which receive 
the threaded portion of the tubular member. 

85. The transducer according to claim 78 or 84 and 
including further means for securing the decoupling 
sleeve in the atomizing section. 

86. The transducer according to claim 82 or 84, 
wherein the decoupling sleeve and the tubular member 
constitute a single piece. 

87. The transducer according to claim 86, wherein 
the decoupling sleeve and the tubular member are 
metal. 

88. The transducer according to claim 86, wherein 
the single piece decoupling sleeve and the tubular mem 
ber comprise part of a liquid supply tube. 

89. The transducer according to claim 78 or 84, 
wherein the decoupling sleeve is metal. 

90. The transducer according to claim 79 or 82, 
wherein the tubular member includes an externally 
threaded section and the securing means comprises an 
internally threaded section in the axially-extending pas 
sage in the atomizing section, the externally-threaded 
tubular member section being threadedly received in 
the internally-threaded section. 

91. The transducer according to claim 90 wherein the 
securing means is disposed at or adjacent to a nodal 
plane. 

92. The transducer according to claim 82, wherein 
the decoupling sleeve and the tubular member consti 
tute a single piece and wherein the transducer includes 
a rear section disposed adjacent to the driving means 
which with the atomizing section sandwiches the driv 
ing means, the axially-extending passage extending 
through the rear section, and means associated with the 
rear section and the single piece for drawing the rear 
and atomizing sections together upon securing the sin 
gle piece to the atomizing section. 

93. The transducer according to claim 92, wherein 
the means for drawing comprise mating annular ?ange 
portions on the tubular member and in the axially 
extending passage in the rear section. 

94. The transducer according to claim 79 or 82, 
wherein the tubular member comprises a sole support 
for mounting the transducer. 

95. The transducer according to claim 79 or 82, 
wherein the driving means comprises an electrode hav 
ing an opening which forms part of the axially-extend 
ing passage and including means for insulating the elec 
trode from the tubular member. 

96. The transducer according to claim 79 or 82, 
wherein the tubular member extends exteriorly of the 
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transducer and is adapted to be connected to a means 
for supplying liquid to the axially-extending passage. 

97. The transducer according to claim 96, wherein 
the tubular member includes means adjacent to the 
transducer for connecting the tubular member to the 
means for supplying liquid. 

98. The transducer according to claim 78 and includ 
ing the tubular member which is secured to the atomiz 
ing section, wherein the securing means includes 
threads disposed in the axially-extending passage in the 
atomizing section and the tubular member includes 
threads, the threaded securing means threadedly receiv 
ing the tubular member. 

99. The transducer according to claim 78 or 79, 
wherein the securing means is disposed at or adjacent to 
a nodal plane. 

100. The transducer according to claim 78 or 84, 
wherein the atomizing section and the decoupling 
sleeve are of metal material. 

101. The transducer according to claim 100, wherein 
the atomizing section and the decoupling sleeve are of 
aluminum. 

102. The transducer according to claim 84, wherein 
the decoupling sleeve and the tubular member consti 
tute a single piece and the threaded portion of the tubu 
lar member is located adjacent to the decoupling sleeve. 

103. The transducer according to claim 84, wherein 
the means for drawing comprise mating annular ?ange 
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portions on the tubular member and in the axially 
extending passage in the rear section, the decoupling 
sleeve and the tubular member constituting a single 
piece. 

104. The transducer according to claim 103 wherein 
the securing means is disposed at or adjacent to a nodal 
plane. 

105. The transducer according to claim 84, wherein 
the decoupling sleeve includes a threaded portion re 
ceived in the threads in the axially-extended passage. 

106. The transducer according to claim 78, wherein 
the decoupling sleeve includes a threaded end section 
and the axially-extending passage in the atomizing sec 
tion includes a threaded section, the decoupling sleeve 
being threadedly received in the threaded section of the 
atomizing section. 

107. The transducer according to claim 79, wherein 
said coupling means cooperate with the atomizing sec 
tion and are spaced radially outwardly from the axially 
extending passage. 

108. The transducer according to claim 79, wherein 
the means for drawing comprise mating annular ?ange 
portions on the tubular member and in the axially 
extending passage in the rear section. 

109. The transducer according to claim 108 wherein 
the securing means is disposed at or adjacent to a nodal 
plane. 

it * * I‘! it 


